For the nucleon·nucleon scattering amplitudes a~ low energies; we study Regge·like behaviour using the K-matrix unit;arization method. Here the Regge-like behaviour is pheno· menologically represented by the energy dependence of the coupling constant and mass of the exchanged boson in the one-boson-exchange (OBE) amplitudes. This behaviour is shown to be likely for the vector·meson·exchange part. It is consistent with the results of an earlier analysis in terms of the partial wave dispersion relation. For the scalar meson, however, no strong evidence is found for such a behaviour and its behaviour is not incon· sistent with cut or fixed pole. § 1. Introduction
Recently Suemitsu 1 > has analysed the nucleon-nucleon scattering amplitudes m the low-energy region (incident laboratory kinetic energy TL=0~400 MeV) by the partial wave dispersion relation, and has shown that the Kantor amplitudes 2 > (the left-hand-cut contributions estimated from experiments) are consistent with Regge-like behaviour. This behaviour is characterized in his analysis by the following energy-dependent coupling constant gB 2 (s) and mass of exchanged meson mB 2 (s) , which represent the damping and shrinking effects of the amplitudes respectively, 
mB2-t mB 2 mB 2 (s) -t (2)
Here p and M are the c.m.s. momentum of the nucleon and its mass respectively, s and t are the Mandelstam variables and s0 =4M 2 • The parameters mB(s0) specify the t-dependence of the amplitudes. Assuming the observed values of meson masses to the mB(s0)'s, he has found that the vector mesons are likely to have these effects while this is not the case _for the scalar-meson exchange. 1 ' Here the question will be raised whether these results for the OBE amplitudes are independent of the unitarization scheme. This is important if we try to relate the real OBE amplitude with Regge-pole effect, and has a practical significance especially when we describe the low-energy scattering by the models which have asymptotic Regge-like behaviour such as the Veneziano amplitude. 8 ' In this paper we take the K-matrix method for unitarization and make an analysis similar to Suemitsu's. As far as the qualitative features are concerned, the K-matrix. method has given the solutions consistent with the dispersion relation about the OBE model so far. It is interesting to see whether this is also the case for Regge-like behaviour.
In the l-time subtracted partial wave dispersion relation, the right-hand-cut contributions behave p 2 <L-lJ as the incident energy goes high. (l; orbital angular momentum of the N-N system) This high-energy behaviour has to be cancelled by the left-hand-cut contributions, but it is difficult to simulate this behaviour by a finite number of poles for the left-hand-cut contributions, of which behaviour is ruled by the highest spin of the exchanged particles.*' No simple parametrizations having such a feature have been found so far.
On the other hand the K-matrix element does not have this kind of constraint, and the simulation by the one-particle-exchange-type amplitudes seems to be more successful for the K-matrix element.
The difference due to the two unitarization methods is expected to appear especially for the scalar-exchange part which is often regarded as two-pion exchange. Further it was observed in Ref. 1) that this part seems not to be Reggepole-like, contrary to the vector-exchange part. We will examine particularly this point in this paper. 7 > The S-waves and their coupled states are not taken into account in the present analysis, since the present choice of mesons might be insufficient for ·describing short-range interactions.
The phase shifts are related with K-matrix elements as follows:
for singlet states, for triplet uncoupled states with l = J and for coupled triplet states with J = l ± 1, we have
where *> Higher mass of the scalar meson makes the chi-square value increase rapidly and the overall minimum of chi-square value seems to be given by the value ""-'300 MeV which reduces the present value by a few percent. In addition to these damping and shrinking effects, however, there will exist another kind of effect which is expressed by the values of mB(s0) and may have a common origin as that for au and am. So far mass parameters mv (s0) for the vector mesons have been given the observed values, but there will be no reason for this if we consider that the Reggeization effects originate from the infinite sum of one-particle exchange. Lowering the values of mB (s0) from the observed ones, it is also possible to have a better agreement with experiments. Assuming mp(s0) = m., (s0) =mv (s0), the chi-square value is the smallest for mv (s0) ~430 MeV. (x 2~1 10 for a/=amv=O) The mv(s0)-dependence of the chi-square value is shown in Fig. 2 . The small value for mv (s0) is a different exposition of the known fact that strong form-factor effects were suggested in some analyses. 9 >·*> Some of the effect represented by small mv(s0) (if such effect exists) will express twoand more-pion continuum contributions which may be related with Regge cuts.
Here we show some interrelation with this small-mass effect and Regge-like behaviour expressed by a/ and amv· Small mv(s0) is incompatible with Reggelike effects and either one of these two effects can strongly appear at low energies. We show this situation in Fig. 3 by giving the au v and am v dependence of the chi-square values for mv (s0) = 430 MeV.
Suemitsu obtained a similar improvement by Regge-like behaviour or smallmass effect in his analysis using the partial wave dispersion relation. 1 > Thus both results of the K-matrix and the dispersion relation analyses indicate that Regge-like behaviour of the vector meson exists at low energies with the observed mass for mv (s0). *> In this connection, we note that the electromagnetic form factor of the nucleon implies mv(s0) -600 MeV if the dipole formula 1/ (1-t/0.71)2 is tentatively assigned to the nucleon-nucleon amplitudes. With this value, the chi-square value drops to 180 as is seen in Fig. 2 . These features qf the scalar-meson exchange are not changed even if we consider the dam,ping and shrinking effects or the small-mass effect for the vectqr meson. In Fig. 5 we show the *' For large value of the scalar-meson mass; e.g., m8 (so}--...700 MeV, the dependence on· ag 8 and am8 is different from those in Fig. 4 . Negative a,8 and am8 improve the fit slighdy (% 2 "'-560 for a 9 S=amS=O changes to 430 for a 9 8=ams=-1.0), but the magnitude of the chi-square value is large. Below m 8(s0) "'-600 MeV, however, the features of a 9 S and ams dependence change and become like those in Fig. 4 . A small value"such as m 8 (so) =300--400 MeV makes the chi~square value small. (% 2 "'-290 for a 9 8=am8=0), and the smallness of the mass is considered rather essential than the effects of a 9 S and ams for the scalar meson. In this connection it will be interesting to infer the OBE simulation of the corresponding part in the uncorrelated two-pion exchange. Furuichi and Watari 4 ' obtained m8 =350 MeV and m8 =730 MeV for the cutoff tmax =9m~2 and tmax=oo where·tmax is a cutoff parameter for the squared total energy of pion-pion system. Although for each of these three effects represented by a/, am v and mv (s0) we have obtained better theoretical results, the behaviour of the scattering amplitudes is not the same. The effect of ag v is to reduce all partial waves in magnitude by a common factor. On the other hand negative amv and small mv(s0) reduce the magnitude of the S-wave amplitudes but enhance those of the P-and higher waves.
From the experiments in the elastic region, it seems to be difficult to determine which one is better, but high-energy analyses may do it. § 4.
Concluding remarks
We may consider that the infinite sum of one-particle-exchange (lOPE) amplitude/0> which was proposed as a possible interpretation of high-energy Regge behaviour, is also responsible for the low-energy Regge-like effects discussed in this paper. In such a model or others, three kinds of modifications may be expected for the OBE amplitude at low energies, effectively expressed as (i) energy-decreasing coupling constant; au (ii) energy-decreasing mass of the exchanged meson; am (iii) deviation of the mass parameters mB (s0) from the observed meson-mass. The results of the present analysis together with those of Suemitsu suggest that these three kinds of effects for the vector mesons can actually improve the fit irrespectively of the unitarization scheme.
Here we discuss the implication of the present results for our previous lOPEtype amplitude assumed in the high-energy analysis. 11 > In this model we have adopted a Veneziano t-u type beta function for the proton-proton scattering amplitude which has an "exotic" trajectory in the u-channel associated with the tchannel "non-exotic" trajectory and having the same slopes. Dominance of the effects (i) and (ii) is consistent with the lOPE amplitude having "large" intercept for "exotic" (a,.(u= 0)'"'"'-0.5) which is compatible with the condition that no ghosts appear for the parents and the first daughters in the t-channel exchange, while smaller mv (s0) requires lower intercept of "exotic" trajectory (a,.(u=0)"-'-3) and is consistent neither with the no-ghost condition nor with the high-energy data. We do not know how this result would be general, but
